Introduction
Populations of aerial insectivores in canada have declined by 70% since 1970, constituting the most pronounced decline among all categories of canadian birds (north American Bird conservation Initiative canada 2012). The Barn Swallow (Hirundo rustica) is the most widely distributed aerial insectivore in north America and has declined appreciably throughout canada, with Breeding Bird Survey data for 1970-2011 showing a mean annual trend of −4.01% (environment canada 2013). Barn Swallows were assessed as Threatened in 2011 by the committee on the Status of endangered wildlife in canada (coSewIc), but have yet to be listed under the Species at Risk Act (coSewIc 2011; British columbia conservation Data centre 2013; Government of canada 2017). The causes of Barn Swallow declines are unknown, but likely include a combination of the following threats on breeding grounds: loss of nesting and foraging sites due to agricultural changes, decreased abundance of aerial insects, climate change, competition for nest sites with house Sparrows (Passer domesticus), ectoparasites, and nest removal by humans (coSewIc 2011).
Very few detailed diet studies have been completed for Barn Swallows, particularly for the north American subspecies (H. r. erythrogaster) that differs in behaviour and morphology from the eurasian subspecies (H. r. rustica; Brown and Brown 1999) . Limited results for both subspecies suggest that prey size is an important factor affecting prey selection; although small prey items occurred in the diet, Barn Swallows fed mainly on relatively large prey (≥ 1.5 mg dry mass ; Turner 1982; holroyd 1983) . Adult Barn Swallows also tend to feed larger prey to their young than they eat themselves (waugh 1978) . A sample of 467 Barn Swallows collected throughout the united States and canada contained mainly Diptera (39.5%), hymenoptera (22.7%), coleoptera (15.6%), and hemiptera (15.1%; method of analysis not specified; Beal 1918).
The purpose of this study was to assess the diet and prey selection of an at-risk aerial insectivore, the Barn Swallow. To study this sensitive species, we took advantage of birds lethally struck by aircraft at Vancouver International Airport (yVr) on Sea Island in richmond, British columbia, canada (49.2°n, 123.2°w The Barn Swallow (Hirundo rustica) is the most widely distributed aerial insectivore in north America, but has declined appreciably in recent decades. reasons for these declines are largely unknown, though presumably relate mainly to changes in prey availability. To help inform conservation priorities for this species, we assessed their diet and prey selection using birds lethally struck by aircraft at Vancouver International Airport (yVr). esophagi and gizzards of 31 Barn Swallows collected from june 2013 to october 2013 contained insects mainly from the orders hymenoptera (mean across birds = 40% of insect numbers), Diptera (31%), hemiptera (15%), and coleoptera (12%). To assess prey selection, we compared the esophagi and gizzard contents of 20 swallows collected from july 2013 to September 2013 to populations of aerial insects we sampled during the same period using Malaise traps. Barn Swallows selected strongly for insects in the order hymenoptera (mainly formicidae, which comprised 29% of diet), and selected against insects in the orders coleoptera, Diptera, and Lepidoptera. for all prey taxa combined, Barn Swallows displayed strong selection for insects of length 4−8 mm (body length excluding appendages 
Methods
Barn Swallow carcass collection and dissection we obtained Barn Swallows (n = 31) from the yVr airfield after they had been lethally struck by aircraft between 2 june 2013 and 1 october 2013 (specific collection dates were unknown for two swallows obtained during this period). Swallows were not randomly sampled and therefore are not necessarily representative of all Barn Swallows at yVr. carcasses were collected from the runway < 10 min after they were struck, and then stored at −20˚c until they were dissected. for dissections, birds were opened ventrally and the gastrointestinal tract was removed. An incision was made down the entire length of the esophagus and the gizzard and all their contents were flushed and preserved in 95% ethanol until they were processed. The contents of intestines were discarded because digestion rendered them unidentifiable.
Availability of insect prey
we collected samples of insect relative abundance on the yVr airfield from five Malaise traps (156 cm width × 170 cm height; figure 1). Malaise traps provide a reliable method of capturing a diverse taxonomic range of flying insects. An exception is coleoptera that are only captured in Malaise traps at a rate 25% of that using rotary, glass-barrier, or sticky traps (juillet 1963; Pickering 1994) . Malaise traps were distributed evenly throughout the airfield in areas that would not interfere with airport operations. Malaise traps were left open from 4 july 2013 to 12 September 2013, and samples were gathered weekly from each trap (n = 50 total samples). Samples were stored in jars of 95% ethanol at room temperature until they were processed.
Insect identification
Insect specimens from the Malaise traps and from Barn Swallow esophagi and gizzards were identified using dissecting microscopes (8-32×) and taxonomic keys (Triplehorn and johnson 2005) . Specimens in Barn Swallow guts were identified to family, and then further sorted into three size classes: small (0-4 mm body length excluding appendages), medium (4-8 mm), and large (>8 mm). In two cases we sorted insects only to the level of infraorder (Pentatomomorpha, culicomorpha) and in one case to the level of superfamily (Muscoidea) because many individuals in these groups could not reliably be identified to family. Barn Swallow consumption of many insect families observed in Malaise traps was too low to reliably assess swallow prey selection at the level of family. Thus, prey selection and identification of Malaise trap specimens were conducted only at the level of order. All non-aerial insects, such as spiders, were excluded from Malaise trap samples because Barn Swallows are aerial insectivores. only one spider was found in the 31 Barn Swallow esophagi and gizzards.
Analysis of Barn Swallow prey selection
we calculated selection ratios separately for insect orders and size classes. however, to avoid biased estimates we did not calculate selection ratios for several orders that were rare (i.e., mean values of < 1%) in either Barn Swallow esophagi and gizzards or Malaise traps. Selection ratios were calculated by dividing the mean percentage of insects that Barn Swallows had consumed by the mean percentage sampled in the Malaise traps (Manly et al. 2002) . Selection ratios > 1 indicate selection for a prey category, while selection ratios < 1 indicate selection against a prey category. Separately for selection ratios based on insect orders and size classes, we also calculated 95% simultaneous confidence intervals using the Bonferroni inequality as follows:
where Sr is a selection ratio, Se is its standard error, z α is the value that is exceeded with probability α = 0.05 by a standard normal random variable, and I is the number of selection ratios considered (Manly et al. 2002) . collection dates for nine of the 31 Barn Swallows occurred either 32 days before or 6-19 days after the period of Malaise trapping, and exact collection dates for two Barn Swallows were unknown. Thus, for prey selection analysis, we used only the 20 Barn Swallows that were gathered during Malaise trap sampling; col- The cAnADIAn fIeLD-nATurALIST Vol. 131 lection dates of these Barn Swallows were evenly distributed throughout the period of Malaise trap sampling. Moreover, the relative composition of orders did not vary markedly during the period of Malaise trap sampling: percentages of Diptera and hemiptera declined slightly, and percentages of hymenoptera, Lepidoptera, and Psocoptera increased slightly (figure S1).
Results
Barn Swallow diet we identified 514 individual insects representing eight orders in the esophagi and gizzards of the 31 Barn Swallows (Table 1) . Barn Swallows consumed insects mainly from the orders hymenoptera (40%), Diptera (31%), hemiptera (15%), and coleoptera (12%). The hymenoptera included mainly formicidae (ants), the Diptera included mainly calliphoridae (blow flies), and the hemiptera included mainly Pentatomomorpha (seed bugs and stink bugs). The most prevalent of the ants recovered from Barn Swallows were males and queens of Myrmica specioides and an unidentified spe cies of Myrmica. of the hemiptera consumed, most (mean across birds = 78% of insect numbers) belonged to the suborder heteroptera (true bugs), with a large proportion of these representing a single species of coreidae, Ceraleptus pacificus.
Barn Swallow prey selection
A total of 8608 individual insects representing 12 orders were collected from Malaise traps. we calculated selection ratios for five orders that comprised ≥ 1% of mean values for both Barn Swallow esophagi TABLe 1. Mean percentages of insect numbers (with 95% cIs) and percent frequency of occurrence (%fo) of insect orders and families identified in esophagi and gizzards of Barn Swallows (Hirundo rustica; n = 31) collected at yVr after they had been lethally struck by aircraft during 2 june 2013 to 1 october 2013. results include two infraorders (culicomorpha, Pentatomomorpha) and one superfamily (Muscoidea) within which many individuals could not reliably be identified to family.
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and gizzards and Malaise traps (figure 2). of these, Barn Swallows selected for insects in the order hy menoptera, selected against insects in the orders coleoptera, Diptera, and Lepidoptera, and showed no preference for or against insects in the order hemiptera (i.e., the 95% confidence interval for the hemiptera selection factor included 1). for all prey taxa combined, Barn Swallows displayed selection for insects in the medium size class (4−8 mm; figure 3 ). conversely, they selected against large insects (>8 mm) and small insects (0−4 mm), despite the fact that small insects comprised about 80% of all insects sampled in Malaise traps.
Discussion
Barn Swallows consumed a wide range of insect taxa at yVr, but over half their diet consisted of just three taxa: hymenoptera: formicidae (29%), Diptera: calliphoridae (12%), and hemiptera: Pentatomomorpha (11%). our results are consistent with past studies in both north America and europe indicating that during the breeding period both Barn Swallow adults and nestlings (via their parents) consume aerial insects mainly in the orders coleoptera, hymenoptera, Diptera, and hemiptera (Beal 1918; holroyd 1983; Kopij 2000; Turner 2006; Karg 2011, 2013) . however, Barn Swallow diets differed appreciably among studies in terms of their relative consumption of insects in these four orders as well as their reliance on insects at finer taxonomic levels. our results, together with those of past studies, suggest that Barn Swallows do not rely on consistent prey taxa across sites, but instead select among available aerial insects within local feeding sites for taxa of intermediate size, weak flight 2017
LAw ET AL.: BArn SwALLow DIeT AnD Prey SeLecTIon 29 fIGure 2. Mean percentages of insect numbers (with 95% cIs) for orders (including all size classes) that were sampled in Malaise traps (n = 50) or in the esophagi and gizzards of Barn Swallows (Hirundo rustica; n = 20) that had been struck by aircraft at yVr. Selection ratios with 95% Bonferroni simultaneous cIs are depicted above bars of insect orders for which mean values of prey available and prey consumed by Barn Swallows were both ≥ 1%. Malaise traps included all orders except odonata, but the following orders were not consumed by Barn Swallows: Dermaptera, ephemeroptera, neuroptera, orthoptera, Psocoptera, and Trichoptera. TA (trace available) indicates insects that were present in Malaise trap samples but comprised < 1%. Both available prey and prey consumed by Barn Swallows were sampled from 4 july 2013 to 12 September 2013.
fIGure 3. Mean percentages of insect numbers (with 95% CIs) for small, medium, and large size classes (all taxa combined, body length excluding appendages) that were sampled in Malaise traps (n = 50) and in the esophagi and gizzards of Barn Swallows (Hirundo rustica; n = 20) that had been struck by aircraft at YVR. Selection ratios with 95% Bonferroni simultaneous CIs are depicted above bars for each size class. Both available prey and prey consumed by Barn Swallows were sampled from 4 July 2013 to 12 September 2013.
performance (i.e., low speed and maneuverability), and that occur at relatively high densities. formicidae, the most heavily consumed taxa in this study, appear to satisfy these three criteria. Barn Swallows at yVr selected intermediate sizes of aerial insects (4-8 mm body length) that comprised just over 10% of available prey, while selecting against small insects (<4 mm) that comprised nearly 80% of available prey. Although differences in techniques used to measure insect size restrict direct comparison, past studies similarly indicated that intermediate to large insects are selected by adult Barn Swallows (Turner 1982; holroyd 1983) and are fed to nestlings (orłows-ki and Karg 2011, 2013) . for instance, insects > 0.5 mg dry body mass comprised just 14% of available insects, yet constituted 50% of nestling diets in rural Poland (orłowski and Karg 2011). compared to small insects, large insects yield greater net energy gains to Barn Swallows despite requiring greater foraging effort (Turner 2006) . Thus, selection against coleoptera and Diptera by yVr Barn Swallows was likely due in part to the mainly smaller sizes of these prey (74% of coleoptera and 95% of Diptera in Malaise traps were <4 mm). further, we may have underestimated selection against coleoptera because Malaise traps may under-sample insects in this order (i.e., Malaise traps may sample only about 25% of the numbers obtained using rotary, glass-barrier, or sticky traps; juillet 1963). The profitability of insect prey may decline above a body size threshold given that Barn Swallows at yVr selected against the largest insects (>8 mm). Selection against Lepidoptera may have resulted, in part, from the mainly large sizes of insects in this order (62% of Lepidoptera in Malaise traps were >8 mm). The relative benefits of larger prey may decline when smaller prey are highly abundant or are easily captured due to weak flight performance; these two factors appeared to underlie the significant consumption of small-bodied formicidae and Ichneumonidae by Barn Swallows in several breeding sites in Poland (orłowski and Karg 2011). The size of prey consumed by breeding Barn Swallows is also positively correlated with the distance between feeding and nesting sites (waugh 1978; Turner 2006) .
The profitability of prey to Barn Swallows also appears to increase with the tendency of prey to aggregate in dense swarms. for instance, the two most heavily consumed families of prey in our study included formicidae and calliphoridae, presumably because insects in these families commonly aggregate to mate (formicidae) or to feed (calliphoridae; Triplehorn and johnson 2005) . Past studies of Barn Swallow diets also reported significant consumption of formicidae and calliphoridae (Beal 1918; orłowski and Karg 2011) . The species most heavily consumed by yVr Barn Swallows was likely M. specioides (formicidae), based on our detailed assessment of 2013 swallows as well as preliminary observation of swallows that were lethally struck in 2014 (S.M., unpublished data). Myrmica specioides is an invasive ant that was first observed in British columbia in 2011 (r. higgins, personal communication).
Declines in Barn Swallow populations appear to be due, in part, to reduced abundance of their aerial insect prey resulting from factors such as climate change, wetland loss, light pollution, and agricultural intensification (e.g., loss of pastureland, increased pesticide use; evans et al. 2007; coSewIc 2011) . formicidae appear to be a relatively unique prey type that increases in urban settings (McIntyre 2000) , and managing the distribution or abundance of Myrmica ants at yVr may help reduce strikes of Barn Swallows by aircraft. whether insect management programs at airports succeed in reducing strikes of aerial insectivores will require a thorough knowledge of the life history and ecology of these bird species as well as their insect prey.
